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A ladiatioQ curable composltiOD for mokiing by pdymerizadon in dies comprising, (A) a 
compound having at least one (n)edi)acrylate group and (B) a photopolymerizatkm Initiator being 
an oUgomer having a niolecular wdgiit abom 300 to abom 9000 and comprising on 
than 1.5 (a-lcetone, ^-hydroxyldialkylethylbettzyl groups). Compositxm wherein die photoinitiator 
has a group r^nesented by formula (I), wherein R' and R^ are alkyl groups having 1 to 5 caibcn 
atoms and n is a number of 2 Co 50. The compositkn exhibits a hifl^ curing rate and produces 
molded products with a hi^ transpar ency, excellent resistance to coloratxm upon exposure to light, 
and supenor dimensional precision. 
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TITLE OF THE INVENTION 
5 RADIATION CURABLE RESIN COMPOSITION FOR MOLDING BY 

POLYMERIZATION IN DIES 



BACKGROUND OF THE INVENTION 

10 

Field of the Invention 

The present invention relates to a radiation 
curable composition for molding by polymerization in dies 
which is rapidly cured by irradiating with actinic 
15 radiation such as ultraviolet rays, and, more 

particular lyr to a radiation curable resin composition 
suitable for the manufacture of optical parts molded by 
polymerization in dies, such as lenses, optical disks, 
prisms, and lens sheets. 

20 

Description of Related Art 

Manufacturing plastic lens and the like by 
irradiating a radiation curable resin with ultraviolet 
rays from a mercury lamp as a source of actinic radiation 

25 has been proposed (Japanese Patent Applications Laid-open 
No. 194401/1986 and No. 207632/1988). 

According to this method, though there is an 
advantage that resins are cured in a short time by 
irradiation of ultraviolet rays, transparency of resulting 

30 lenses is inferior in comparison with those obtained from 
polymers such as polyraethyl methacrylate, polycarbonate, 
or diethylene glycol bisarylcarbonate. Moreover, 
coloration due to exposure to light is a problem with the 
products cured by ultraviolet rays. In addition, when 

35 conventional radiation curable resins are molded by 

polymerization in dies, uncured compositions and unreacted 
components tend to be left inside the molded product so 
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10 



that the molded product may warp or shrink due to 
volatilization or bleeding after the product has been 
removed from the die, impairing the dimensional accuracy 
of the product. 

The present invention has been completed in view 
of these drawbacks in conventional photocurable resin 
compositions and has an object of providing a radiation 
curable resin composition suitable for molding by 
polymerization in dies at a high curing rate, producing 
molded products with high transparency, exhibiting only 
small coloration due to exposure to lights, and possessing 
excellent dimensional precision. 

SUMMARY OF THE INVENTION 
The above object of the present invention is 
achieved in the present invention by the provision of a 
radiation curable composition for molding by 
polymerization in dies comprising, 

(A) a compound having at least one (meth)acrylate group 
20 and 

(B) a photopolymerization initiator being an oligomer 
having a molecular weight of 300-9000 and comprising on 
average more than 1.5 (a-ketone, p-hydroxyldialkyl- 
ethylbenzyl groups. 

Preferably, the initiator comprises a group represented by 
the following formula (1), 



25 



30 



CH3 
I 

-(-C-CH,-)„- 
I 

Ar 
I 

OH 



wo !W01479 



- 3 - 



PCT/NL97/00387 



wherein and are alkyl groups having 1 to 5 carbon 
atoms and n is a recurring number of the group (1). 

5 DETAILED DESCRIPTION OF THE INVENTION 

AND PREFERRED EMBODIMENTS 
Component (A) is at least one compound having at 
least one {meth)acrylate group. This compound, herein 
after also referred to as compound (A) may be either (1) a 

10 polymer (including an oligomer) or (2) a monomer. Either 
one polymer or monomer or two or more of them may be used 
as the component (A). 

The following compounds can be given as examples 
of the polymer having at least one{meth)acrylate group. 

15 (i) A urethane (meth)acrylate which is obtained by a 

urethanizat ion reaction of (a) a polyol having two or more 
hydroxyl groups in a molecule, (b) a polyisocyanate, and 
(c) a hydroxyl group-containing (meth)acrylate ; (ii) an 
©poxy {meth)acrylate which is obtained by an epoxy 

20 ring-opening reaction of (d) an epoxy compound and (e) 

(meth)acrylic acid; (iii) a polyester (meth)acrylate which 
is the reaction product of a polyester which is obtained 
from (a) a polyol and (f) a polybasic acid, and (e) 
{meth)acrylic acid; and (iv) other compounds such as a 

25 polyamide (meth)acrylate, a siloxane possessing a 

(raeth)acrylateoxy group, and the like. These compounds may 
be used individually or in combination of two or more. 

Polyether polyols, polyester polyols, 
polycarbonate polyols, polycaprolactone polyols, and the 

30 like are included in the polyol (a) which is used here. 
Two or more of these polyols may be used in combination. 
There is no specific limitation to the polymerization 
style of the structural unit in these polyols. The 
polymerization style may be either random polymerization, 

35 block polymerization, or graft polymerization. 
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Examples of the above-mentioned polyether 
polyols, include aliphatic polyether polyols, alicyclic 
polyether polyols, and aromatic polyether polyols. 

Examples of the aliphatic polyether polyols 
5 include polyethylene glycol, polypropylene glycol, 
polytetramethylene glycol, polyhexamethylene glycol, 
polyheptamethylene glycol, polydecamethylene glycol, and 
polyether diols obtained by the ring-opening 
copolymer izat ion of two or more kinds of ion-polymer izable 

10 cyclic compounds. 

Included in the examples of the 
ion-polymer izable cyclic compounds used here are cyclic 
ethers, such as ethylene oxide, propylene oxide, 
butene-l-oxide, isobutene oxide, 

15 3 , 3-bischloromethyloxetane, tetrahydrof uran, 

2-methyltetrahydrofuran, 3-methyltetrahydrof uran, dioxane, 
trioxane, tetraoxane, cyclohexene oxide, epichlorohydr in, 
glycidyl methacrylate, allyl glycidyl ether, allyl 
glycidyl carbonate, butadiene monoxide, isoprene monoxide, 

20 vinyl oxetane, vinyl tetrahydrof uran, vinyl cyclohexene 
oxide, and butyl glycidyl ether. 

Given as specific combinations of two or more 
ion-polymer izable cyclic compounds are the combinations of 
tetrahydrof uran and propylene oxide, tetrahydrof uran and 

25 2-methyl tetrahydrof uran, tetrahydrof uran and 3-methyl 
tetrahydrof uran, tetrahydrof uran and ethylene oxide, 
propylene oxide and ethylene oxide, butene-l-oxide and 
ethylene oxide, tetrahydrof uran/butene-l-oxide/ethylene 
oxide, and the like. 

30 Further, a polyether diol obtained by the 

ring-opening copolymer izat ion of the above-mentioned 
ion-polymer izable cyclic compound and a cyclic imine such 
as ethylene imine, a cyclic lactone acid such as 
p-propyolactone or glycolic acid lactide, or a 

35 dimethylcylopolysiloxane, can be used. 
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These aliphatic polyether polyols are 
commercially available under the trademarks of, for 
example, PTMGIOOO, PTMG2000 (manufactured by Mitsubishi 
Chemical Co., Ltd.)r PPGIOOO, EXCENOL 2020, EXCENOL 1020 
5 (manufactured by Asahi Oline Co., LtdOr PEGIOOO, Unisafe 
DCllOO, Unisafe DC1800 (manufactured by Nippon Oil and 
Fats Co., Ltd.), PPTG2000, PPTGIOOO, PTG400, PTGL2000 
(manufactured by Hodogaya Chemical Co., Ltd.), and 
Z-3001-4, Z-3001-5, PBG2000A, PBG2000B (manufactured by 

10 Daiichi Kogyo Seiyaku Co., Ltd.). 

Examples of the alicyclic polyether polyols 
include alkylene oxide addition diol of hydrogenated 
bisphenol A, alkylene oxide addition diol of hydrogenated 
bisphenol F, alkylene oxide addition diol of 

15 1 , 4-cyclohexane diol, and the like. 

Examples of the aromatic polyether polyols, 
include alkylene oxide addition diol of bisphenol A, 
alkylene oxide addition diol of bisphenol F, alkylene 
oxide addition diol of hydroquinone, alkylene oxide 

20 addition diol of naphthohydroquinone , and alkylene oxide 
addition diol of anthrahydroquinone. These aromatic 
polyether diols are commercially available under the 
trademarks, for example, of Uniol DA400, DA700r DAIOOO, 
and DA4000 (manufactured by Nippon Oil and Fats Co. , 

25 Ltd.). 

Examples of the polyester polyol, include 
polyester polyols obtained by the reaction of a polyhydric 
alcohol and a polybasic acid. Here, given as examples of 
the polyhydric alcohol are ethylene glycol, polyethylene 
30 glycol, propylene glycol, polypropylene glycol, 
tetramethylene glycol, polytetramethylene glycol, 
1, 6-hexanediol , neopentyl glycol, 

1 , 4-cyclohexanedimethanol , 3-methyl-l , 5-pentane diol , 
1,9-nonane diol, and 2-methyl-l, 8-octane diol. As examples 
35 of the polybasic acids, phthalic acid, isophthalic acid, 
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terephthalic acid, maleic acid, fumaric acid, adipic acid, 
and sebasic acid, are given. These polyester polyols are 
commercially available under the trademarks of Kurapole 
P-2010, PMIPA, PKA-A, PKA-A2 , and PNA-2000 (manufactured 
5 by Kuraray Co., Ltd,)* 

Examples of the polycarbonate polyols include 
polycarbonate of polytetrahydrof uran, polycarbonate of 
1,6-hexanediol, and commercially available products, such 
as DN-980, 981, 982, 983 (manufactured by Nippon 

10 Polyurethane Industries, Ltd. ), PC-8000 (manufactured by 
PPG of the US ), and PC-THF-CD (manufactured by BASF). 

Further, examples of the polycaprolactone polyol 
include polycaprolactone diols obtained by the reaction of 
e-capr ©lactone and a diol. Here, included in the examples 

15 of the diol are ethylene glycol, polyethylene glycol, 
propylene glycol, polypropylene glycol, tetramethylene 
glycol, polytetramethylene glycol, 1,2-polybutylene 
glycol, 1,6-hexanediol, neopentyl glycol, 
1,4-cyclohexanedimethanol, 1,4-butane diol, and the like. 

20 These polycaprolactone polyols are commercially available 
under the trademarks, for example, of PLACCEL 205, 205AL, 
212, 212AL, 220, and 220AL (manufactured by Daicell Co., 
Ltd. ). 

Examples of polyols other than the 
25 above-mentioned polyols include ethylene glycol, propylene 
glycol, 1,4-butane diol, 1,5-pentane diol, 1,6-hexanediol, 
neopentyl glycol, 1 , 4-cyclohGxanedimethanol , hydrogenated 
bisphenol A, hydrogenated bisphenol F, dimethylol 
compounds of dicyclopentadiene, tr icyclodecanedimethanol , 
30 pentacyclopentadecanedimethanol , p-methyl-6-valerolactone , 
hydroxy terminal polybutadiene, hydroxy terminal 
hydrogenated polybutadiene, castor oil denatured polyol, 
polydimethylcycloxane with terminal diols, 
polydimethylsiloxane carbitol denatured polyol, 
35 trimethylolpropane, pentaerythr itol , ethylene oxide 
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addition triol of tr iraethylolpropane, ethylene oxide 
addition tetraol of pentaerythr itol , and the like. 

Among these polyols, ethylene oxide addition 
diol of bisphenol A, polytetramethylene glycol, and 
5 polycarbonate of 1 , 6-hexanediol are particularly 
preferred. 

The molecular weight of these polyols, in terms 
of number average molecular weight, is preferably in the 
range of 50 to 15,000, and particularly preferably 100 to 
10 8,000, 

Examples of the above-mentioned polyisocyanate 
(b) include 2,4-tolylene diisocyanate, 2,6-tolylene 
diisocyanate, 1,3-xylylene diisocyanate, 1,4-xylylene 
diisocyanate, 1 , 5-naphthalene diisocyanate, m-phenylene 

15 diisocyanate, p-phenylene diisocyanate, 

3 , 3 '-dimethyl-4,4 '-diphenylmethane diisocyanate, 

4 , 4 '-diphenylmethane diisocyanate, 

3,3 '-dimethyl-4,4 '-biphenylene diisocyanate, 

4, 4 '-biphenylene diisocyanate, aromatic ring hydrogenated 

20 diisocyanate of these, 1,6-hexane diisocyanate, isophorone 
diisocyanate, methylene bis{4-cyclohexylisocyanate) , 
2,2, 4-t r imethylhexamethylene di isocyanate , 
1 , 4-hexamethylene diisocyanate, tetramethyl-xylylene 
diisocyanate (TWXDI ) , bis(2-isocyanatethyl )fumarate, 

25 6-isopropyl-l , 3-phenyl diisocyanate , 4,4 '-diphenylpropane 
diisocyanate, lysine diisocyanate, and the like. These 
polyisocyanates may be used either individually or in 
combination of two or more. 

Examples of the above-mentioned hydroxy 1 

30 group-containing {meth)acrylate (c) include 2-hydroxyethyl 
(meth)acrylate, 2-hydroxypropyl (meth)acrylate, 
2-hydroxybutyl (meth)acrylate, 2-hydroxy-3-phenyloxypropyl 
(meth)acrylate, 1,4-butane diol mono(meth)acrylate, 
2-hydroxyalkyl (meth)acrylate phosphates, 4-hydroxy 

35 cyclohexyl (meth)acrylate, 1 , 6-hexanediol 
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mono(meth)acrylate, neopentyl glycol mono(meth)acrylate, 
trimethylolpropane di (nieth)acrylate, trimethylol ethane 
di(niGth)acrylate, pentaerythrythol tr i (mGth)acrylate, 
dipentaerythritol penta (mGth)acrylate, and (meth)acrylat 
5 represented by the following formula (2), 



10 



30 



CH2=C- C-OCHjCHj- ( OCCHjCHjCHjCHjCHj ) .-OH ( 2 ) 

0 0 



(wherein is a hydrogen atom or a methyl group, and m is 
a number of 1 to 15, preferably 1 to 4), and the compounds 
obtained by the addition reaction of a glycidyl 
group-containing compound, such as alkyl glycidyl ether, 
15 allyl glycidyl ether, or glycidyl (meth)acrylate, and 
{meth)acrylic acid. Of these, 2-hydroxyethyl 
(meth)acrylate and 2-hydroxypropyl (meth)acrylate are 
especially preferred. 

Examples of the epoxy compound (d) include epoxy 
20 compounds such as bisphenol A diglycidyl ether, bisphenol 
F diglycidyl ether, phenol novolak glycidyl ether, cresol 
novolak glycidyl ether, and glycidyl esters of aliphatic 
polybasic carboxylic acid, as well as dimers, trimers. 
tetramers, and pentamers of these epoxy compounds. 

Examples of the polybasic acid (f) include 
phthalic acid, adipic acid, maleic acid, trimellitic acid, 
itaconic acid, succinic acid, and terephthalic acid. 

It is desirable that the number average 
molecular weight of the polymer having at least one 
(meth)acrylate group used in the present invention is in 
the range of 300 to 20,000, and preferably 500 to 10,000. 

The monomers having at least one (meth)acrylate 
group in a molecule include mono-functional compounds and 
poly-functional compounds. These monomers are reactive 
35 diluents used to tailor a variaty of properties, and to 
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lover the viscosity of the polymer. Both mono- and poly- 
functional compounds can be used in the present invention. 
The mono-functional compounds are mainly used when a cured 
product with a relatively low modulus of elasticity is 
5 desired. The modulus of elasticity of the cured product 
can be controlled by jointly using poly-functional and 
mono-functional compounds at an appropriate ratio. 

An example of a desirable mono-f unctional 
compound is a bisphenyl compound, comprising one 

10 (meth)acrylate group and comprising two aromatic rings, 
wherein the (meth)acrylate group is bound to an aromtic 
ring through at least one alkoxy group, wherein the alkoxy 
group may be an alkylene group or a hydroxyl alkylene 
group having 2 to 6 carbon atoms, and the compound may 

15 comprise 1-12 alkoxy groups, and wherein the two aromatic 
groups may be phenyl groups bound to each other directly, 
or by a bridging organic group. 

Examples of the alkylene group or the hydroxyl 
alkylene group containing 2 to 6 carbon atoms are: 1,2- 

20 ethylyl, 1 , 3-propylyl , 1,2-propylyl, 1,4-butylyl, 1,2- 
butylyl, 1,4-pentylyl, 1 , 4-(2-methyl )-butylyl , 1,5- 
pentylyl and 2-hydroxy-l , 3-propylyl . 

In particular, 1,2-ethylyl, 1 , 2-pr opylyl , 1,4- 
butylyl, 1,2-butylyl, 1 , 4-{2-methyl )-butylyl or 2-hydroxy- 

25 1, 3-propylyl are preferred. 

Preferably, the number of alkoxy groups is in 
the range of 1-5, and more preferably 1-3. 

In case the two phenyl groups are bound to each 
other via a bridging group, this bridging group preferably 

30 is a 2 , 2 '-propylyl , 2 ,2 '-hexaf luoropropylyl , methylyl or 
sulphoxo group. Of these, 2 , 2 '-propylyl is particularly 
preferred. 

Examples of this compound include the 
(meth)acrylic acid ester of ethylene oxide addition 
35 p-cumyl phenol , (meth)acrylic acid ester of propylene oxide 
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addition p-cumylphenol , and the like. These compounds can 
be obtained by the addition reaction of ethylene oxide or 
propylene oxide to p-cumylphenol , followed by the reaction 
with (meth) acrylic acid. Among these compounds, 
5 (meth)acrylic acid ester of ethylene oxide addition 
p-cumylphenol is especially desirable, and Aronix MHO 
(manufactured by Toagosei Chemical Industry Co., Ltd.) can 
be given as a commercially available product. 

Further, specific examples of this compound 
10 include 2-hydroxy-3-{o-phenylphenoxy)propyl acrylate, 
2- ( o-phenylphenoxy ) ethyl acr ylate , 

2-[2-(o-phenylphenoxy)ethoxy]ethyl acrylate, and the like. 
These compounds can be obtained by the addition reaction 
of an alkylene oxide and phenyl phenol, followed by the 

15 reaction with (meth)acrylic acid. TO-1317 (manufactured by 
Toagosei Chemical Industry Co., Ltd.) can be given as an 
example of commercially available products. 

The following compounds are given as examples of 
mono-functional compounds other than those mentioned 

20 above: 2-hydroxyethyl (meth)acrylate, 2-hydroxypropyl 
(meth)acrylate, 2-hydroxybutyl (meth)acrylate, methyl 
{meth)acrylate, ethyl (meth)acrylate, propyl 
(meth)acrylate, isopropyl (meth)acrylate, butyl 
(meth)acrylate, amyl (meth)acrylate, isobutyl 

25 (meth)acrylate, t-butyl (meth)acrylate, pentyl 
(meth)acrylate, isoamyl (meth)acrylate, hexyl 
(meth)acrylate, heptyl (meth)acrylate, octyl 
(meth)acrylate, iso-octyl (meth)acrylate, 2-ethylhexyl 
(meth)acrylate, nonyl (meth)acrylate, decyl 

30 (meth)acrylate, iso-decyl (meth)acrylate, undecyl 
(meth)acrylater dodecyl (meth)acrylate, lauryl 
(meth)acrylate, octadecyl (meth)acrylate, stearyl 
(meth) acr ylate, tetrahydrof urf uryl (meth)acr ylate, 
butoxyethyl (meth)acrylate, ethoxydiethylene glycol 

35 .(meth)acrylate, benzyl (meth)acrylate, cyclohexyl 
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(meth)acrylater phenoxyethyl {meth)acrylater phenoxy 
polyethylene glycol (meth)acrylate, polyethylene glycol 
mono(meth)acrylater polypropylene glycol 
mono(meth)acrylate, methoxy ethylene glycol 
5 {meth)acrylate, ethoxyethyl (meth)acrylate, methoxy 

polyethylene glycol (meth)acrylate, methoxy polypropylene 
glycol (meth)acrylate, dicyclopentadienyl {meth)acrylate, 
dicyclopentanyl (meth)acrylate, dicyclopentenyl 
(meth)acrylate, tr icyclodecanyl (meth)acrylate, 

10 {meth)acryloyl morpholine, isobornyl (meth)acrylate, 

bornyl (meth)acrylate, dimethylaminoethyl (meth) aery late, 
diethylaminoethyl (meth)acrylate, 
7-amino-3 , 7-dimethyloctyl (meth)acrylater 
2-(meth)acrylateoxyethyl phthalic acid, 2-(meth)acrylate 

15 oxyethylhexahydro phthalic acid, 2-{meth)acrylateoxypropyl 
phthalic acid, 2-(meth)acrylateoxypropyltetrahydro 
phthalic acid, 2-(meth)acrylateoxypropylhexahydro phthalic 
acidr 2-(meth)acrylateoxyethyl succinic acid, and the 
compounds represented by the following formulas (3) to 

20 (6). 

CH2=C(R^)C00(R*0)„{R^) (3) 

wherein is a hydrogen atom or a methyl group, R* is an 
25 alkylene group having 2 to 6, preferably 2 to 4, carbon 

atoms, R^ is a hydrogen atom or an alkyl group having 1 to 
12, preferably 1 to 9, carbon atoms, and m is an integer 
from 1 to 12 , preferably 1 to 8; 

3 0 CH2=C ( R^ ) CO- ( OR^ ) p-G- CHj-R^ ( 4 ) 

wherein R^ has the same meaning as defined for formula 
(3), R* is an alkylene group having 2 to 8, preferably 2 
to 5, carbon atoms? R^ is a tetrahydrof urylgroup, and p is 
35 an integer from 1 to 8, preferably 1 to 4; 
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CH2=C ( r3 ) -COO' ( R^O ) p-R** ( 

wherein R^, R*, and p have the same meanings as defined 
above, R® is a phenyl group, optionally substituted with 
5 an alkyl group having 1 to 12, preferably 1 to 9, carbon 
atoms; and 



CH3 0-CH2 R^o 

^0 CH2=C(R3)-C-(OR«C)q-0-CH2-C-CH'^ C ^ (6) 

II I \ / \ 

0 0 CH3 0-CH2 

wherein R^ and R^ have the above defined meaning and q is 
15 an integer from 0 to 8; and R^ and R^<> are individually a 
hydrogen atom, an alkyl group containing 1 to 6 carbon 
atoms, a group -R"-A, wherein R^^ is an alkylene group 
containing 1 to 6 carbon atoms and A is a {meth)acrylate 
gr oup . 

2^ In addition, commercially available products 

obtained in the trademarks of Aronix Mill, M113, M114, 
M117 (manufactured by Toagosei Chemical Industry Co., 
Ltd.), KAYARAD TCllOS, R629, R644 (manufactured by Nippon 
Kayaku Co., Ltd.)/ Viscoat 3700 (manufactured by Osaka 

25 Organic Chemical Industry, Ltd.), and the like can be 
used. 

Among these, phenoxy polyethylene glycol 
acrylate, acryloyl morpholine, isobornyl acrylate, and 
dicyclopentanyl acrylate are preferred. 

Examples of the poly-f unct ional compounds 
include tr imethylolpropane tr i (meth)acrylate, 
tri(meth)acrylate of tr imethylolpropane ethylene oxide 
addition triol, t r i (meth)acrylate of tr imethylolpropane 
propylene oxide addition triol, di{tr imethylolpropane) 
35 tetra(meth)acrylate, pentaerythr itol tr i (meth)acrylate, 
dipentaerythritol hexa (meth)acrylate, ethylene glycol 
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di (raeth)acrylate, tetra ethylene glycol di (ineth)acrylate , 
polyethylene glycol di (meth)acrylate, 1 , 4-butanediol 
di (meth)acrylate, 1, 6-hexanediol di (meth)acrylate, 
neopentyl glycol di (meth)acrylate, hydroxypivalic acid 
5 neopentyl glycol di (meth)acrylate, tr imethylolpropane 
tr ioxyethyl {meth)acrylate, tr is (2-hydroxyethyl )- 
isocyanurate tr i (ineth)acrylate, tr is (2-hydroxyethyl )- 
isocyanurate di (meth)acrylate, tr icyclodecanedimethanol 
di (meth)acrylater di (meth)acrylate of ethylene oxide 

10 addition diol of bisphenol A, di {meth)acrylate of 
propylene oxide addition diol of bisphenol A, and 
(ineth)acrylic acid addition compounds of bisphenol A 
diglycidyl ether polymer. 

In addition, Yupimer UV, SA1002, SA2007 

15 (manufactured by Mitsubishi Chemical Co., Ltd.), Viscoat 
700 (manufactured by Osaka Organic Chemical Industry, 
Ltd.). KAYARAD MANDA, DPHA, P-604, DPCA-20, 30, 60, 120, 
HX-620, D-310, 330 (manufactured by Nippon Kayaku Co., 
Ltd.), Aronix M-210, 215, 315, 325 (manufactured by 

20 Toagosei Chemical Industry Co., Ltd.), and the like are 
given as commercially available products. 

The molecular weight of the monomer possessing 
at least one (meth)acrylate group is usually from 200 to 
3,000 by number average molecular weight. 

25 Among the bisphenyl compounds enumerated above, 

the acrylic acid ester of ethylene oxide addition 
p-cumylphenol is especially desirable. 

A preferred composition comprises as component 
(A) 10-80 wt.% of a polymer with a number average 

30 molecular weight of 500 or more, and 20-90 wt.% of one or 
more reactive diluents. The amount of wt% is given in 
respect to the total composition, unless otherwise stated. 

A particularly preferred composition in the 
event that two or more of the (meth)acrylate 

35 group-containing compounds are used in combination as the 
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component {A) comprises, 20 to 60 wt% of (I) the polTmer 
with a nimber average molecular weight or 500 or more, 5 
to 40 wt% of (II) of a (meth)acryl-functional reactive 
diluent not comprising an aromatic ring such as in 
5 particular (meth)acrylate morpholine, and 10 to 50 wt% of 
(III) a monomer possessing at least one aromatic ring in a 
molecule. 

Given as examples of the monomer possessing at 
least one aromatic ring in a molecule (III ) are benzyl 

10 (meth)acrylate, phenoxyethyl (meth)acrylate, phenoxy 
polyethylene glycol (meth)acrylate, 2-(ineth)acrylate 
oxyethyl phthalic acid, 2-(meth)acrylateoxyethylhexahydro 
phthalic acid, 2-{meth)acryloxypropyl phthalic acid, 
2-{meth)acrylateoxypropyltetrahydro phthalic acid, 

15 2-{meth)acrylateoxypropylhexahydro phthalic acid, 

2-(meth)acrylateoxyethyl succinic acid, the bisphenyl 
compounds and the compounds represented by the 
above-mentioned formula (5). 

The radiation polymerization initiator having 

20 the group represented by above-mentioned formula (1), 

which is the component (B) in the present invention, can be 
obtained by the polymerization or oligomer izat ion of the 
compound of the following formula (7), 

25 CH3 



30 



35 

wherein and R^ are the same as defined in the formula 
(1). 



C = CH2 
I 

Ar 

I 

C = 0 

I 

c - r2 

I 

OH 



(7) 
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As the alkyl group containing 1 to 5 carbon 
atoms represented by or R^, methyl group, ethyl group, 
n-propyl group, i-propyl group, n-butyl group, t-butyl 
group, n-pentyl group, and i-pentyl group are given as 
5 specific examples. Of these, particularly preferred are 
the alkyl groups having 1 to 3 carbon atoms. The symbol n 
in the formula (1) may be varied depending on the 
polymerization degrees of the compound (7). It is 
desirable that the value be 2 to 50, particularly 2 to 20. 

10 Particularly preferred compounds used as the 

radiation polymerization initiator (B), are those with a 
methyl group for R^ and R^, wherein n is a number of 2 to 
50. ESACURE KIP150 (manufactured by Lamberti Co.) can be 
used as a commercially available product. 

15 The number average molecular weight of the 

compound B generally is between 300-9000, preferably 
between 400 and 4000. 

The number average molecular weight is measured 
with GPC using a standard method. 

20 It is desirable that the radiation 

polymerization initiator of the component (B) is 
incorporated in the composition of the present invention 
in an amount of 0.1 to 10 wt%, preferably 1 to 10 wt%. 

If this amount is less than 0.1 wt%, the curing 

25 rate is sometimes retarded; if more than 10 wt%r the 

storage stability of the composition and the properties of 
the cured products may be impaired. 

Given as examples of other radiation "^-^ — 
polymerization initiators which may be used together with 

30 the above-mentioned radiation polymerization initiators 
(B) in composition of the present invention are 

1- hydroxycyclohexylphenyl ketone, 2 ,2-dimethoxy- 

2- phenylacetophenone, monoacylphosphine, xanthone, 
fluorenone, benzaldehyde, fluorene, anthraquinone, 

35 tr iphenylamine, carbazole, 3-methylacetophenone, 
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4-chlor obenzophenone , 4,4 '-dimethoxybenzophenone , 

4,4 '-diaminobenzophenone, Michler 's ketone, benzoin propyl 

ether, benzoin ethyl ether, benzyl methyl ketal, 

1- (4-isopropylphenyl)-2-hydroxy-2"methylpropan-l-one, 

^ ^^droxy-2-methyl-l-phenylpropan-l-one, thioxanethone, 
diethylthioxanthone, 2-isopropylthioxanthone, 

2- chlorothioxanthone, 2-methyl-l- 

iizif^^^y?:^ 1 -one , 

t hy 1 benz^^ 

10 bisacylphosphine oxide. 

As examples of commercially available products, 
Irgacure 184, 651, 500, 907, 369, CG24-61 {manufactured by 
Ciba Geigy), Lucirin TPO (manufactured by BASF), Darocure 
1116, 1173 (manufactured by Merck Co.)r and Uvecryl P36 

15 (manufactured by UCB) can be given. 

When these other radiation polymerization 
initiators are used, a desirable proportion is in the 
range of 0.1 to 10 wt% in the composition of the present 
invention, but preferably, the amount is less than 3 wt.%, 

20 in particular less than 1 wt.%. 

The composition of the present invention may 
comprize at least one polymer izable non-acrylate, non- 
methacrylate monomer as a component (C) for the purpose of 
adjusting the viscosity or curability of the composition, 

25 or the dynamic properties of the cured products. 

A vinyl group-containing compound, such as 
N-vinyl pyrrolidone, N-vinyl formamide or N-vinyl 
caprolactam, is preferably used as such a polymer izable 
monomer . 

30 It is desirable that such a component (C) is 

incorporated in an amount of less than 50 wt%, for example 
1-50 wt%, preferably 5 to 30 wt%, in the composition of 
the present invention. 

In addition to the above-described components, 

35 additives can be added to the composition of the present 
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invention as required and in conventional amounts. 

As examples of the ^ddit i ves which can be added, 
photosensit izers r antioxidants , photostabilizer s , si lane 
coupling agents r aging preventives, thermal polymerization 
5 inhibitors, leveling agents, surf actants, color ing agents T 
UV absorbers, preservatives, plasticizers , luBFi^ants^^ 
solvents, fillers, wettability improvers, and coating 
surface improvers are given. 

Examples of the photosensit izers include 
10 tr iethylamine, diethylamine, N-methyldiethanoleamine, 
ethanolamine, 4-dimethylaminobenzoic acid, 
4-methyldimethylaminobenzoate , 
4-ethyldimethylaminobenzoate , 

4-isoamyldimethylaminobenzoate, and commercially available 

15 products such as Uvecryl P102, 103, 104, 105 (manufactured 
by UCB) , and the like. 

Commercially available antioxidants include 
Irganox 1010, 1035, 1076, 1222 (manufactured by Ciba 
Geigy); of the UV absorbers, Tinuvin P 234, 320, 326, 327, 

20 328, 213 (manufactured by Ciba Geigy), Sumisorb 110, 130, 
140, 220, 250, 300, 320, 340, 350, 400 {manufactured by 
Sumitomo Chemical Industries Co., Ltd.); and of the 
photostabilizers, Tinuvin 292, 144, 622LD (manufactured by 
Ciba Geigy), Sanol LS-770, 765, 292, 2626, 1114, 744 

25 (manufactured by Sankyo Chemical Co.). Examples of the 
silane coupling agents include yaniinopropylt r iet- 
hoxysilane, y-mercaptopropyltr imethoxysilane , 
y-acryloxypropyltr imethoxysilane, and commercially 
available products such as SH6062, SZ6030 (manufactured by 

30 Toray-Dow Corning Silicone Co.), and KBE903, KBW803 

(manufactured by Shin-Etsu Silicone Co., Ltd.). Antigene 
W, S, P, 3C, 6Cr RD-G, FR, AW (manufactured by Sumitomo 
Chemical Industries Co., Ltd.) and the like are given as 
commercially available products of the aging preventives. 

35 Beside the above-described components, other 
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polymers or oligomers may be incorporated as other 
additives to the composition of the present invention. 
Such polymers or oligomers include, for example r epoxy 
resinr polyamide, polyamideimide, polyurethane, 
5 polybutadiene, chloroprene, polyether, polyester, 

pentadiene derivatives, styrene/butadiene/styrene block 
copolymer, styrene/ethylene/butene/styrene block 
copolymer, styrene/isoprene/styrene block copolymer, 
petroleum resin, xylene resin, ketone resin, 

10 fluorine-containing oligomer, silicon-containing oligomer, 
and polysulfide oligomer. 

The radiation curable resin composition for 
molding by polymerization in dies of the present invention 
can be prepared by mixing the above-mentioned components 

15 by a conventional means. 

The viscosity of the composition of the present 
invention thus prepared may be adjusted in the range 
usually of 100 to 20,000 cps/25**C, and preferably of 500 
to 10 r 000 cps/25«>C. 

20 The composition of the present invention is 

cured by a radiation. The radiation here includes 
radiations such as, for example, infrared light, visible 
light, ultraviolet light. X-rays, electron beams, a-rays, 
p-rays, and y-rays. Ultraviolet light is preferred among 

25 these. 

EXAMPLES 

The present invention will be hereinafter 
described in more detail by way of examples which are 
30 given for illustration of the present invention and shall 
not to be construed as limiting the present invention. In 
the examples below, part(s) by weight is simply referred 
to as part (s) . 

35 Preparation of a resin composition 
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50 parts of an acrylic acid addition compound of 
bisphenol A diglycidyl ether polymer (Ripoxy VR-77r 
noanuf actured by Showa Highpolymer Co., Ltd. ) » 30 parts of 
acrylic acid ester of ethylene oxide addition 
5 p-cumylphenol (Aronix WHO, manufactured by Toagosei 

Chemical Industry Co., Ltd.), 10 parts phenoxy diethylene 
glycol acrylate (Viscoat 192, manufactured by Osaka 
Organic Chemical Industry, Ltd.), and 10 parts of acryloyl 
morpholine (ACMO. manufactured by Teijin Co., Ltd.) were 
10 placed in a reaction vessel equipped with a stirrer, and 
the mixture was stirred at 50 to 60**C to obtain a resin 
composition. 

Example 1 

15 100 parts of the above resin composition and 5 

parts of a radiation polymerization initiator, which is an 
oligomer of 2-hydroxy-2rTmethyl-l- 

[ 4-(l-methylvinyl Xphenyl ]propan-l-one with a molecular 
wilght distribution from 408 to about 2,000 (ESACURE 
20 KIP150, manufactured by Lamberti Co. ), were placed in a 
reaction vessel equipped with a stirrer. The mixture was 
stirred at 50 to 60°C to obtain a composition of the 
present invention. 

25 Example 2 

A composition of the present invention was 
prepared in the same manner as in Example 1, except that 5 
parts of a radiation polymerization initiator, which is a 
mixture of 70 wt% of oligo-2-hydroxy-2-methyl-lr 
30 [4-{l-methylvinyl)~phenyl]propan-l-one with a molecular 

weight "distribution from 408 to about 2,000 and 30 wt% of 
2-hydroxy-2-methyl-l-phenylpropan-l-one (ESACURE KIPIOOF, 
manufactured by Lamberti Co.) was used as a radiation 
polymerization initiator . 



35 



wo 98A)1479 



- 20 - 



PCT/NL97/00387 



Comparative Example A 

A comparative composition was prepared in the 
same manner as in Example 1 using 3 parts of 
2 ,4,6-trimethylben2oyldiphenyl phosphine oxide (Lucirin 
5 TPO, manufactured by BASF) as a radiation polymer izatio: 
initiator . 



Comparative Example B 

A comparative composition was prepared in the 
10 same manner as in Example 1 using 3 parts of 

2-methyl-l-[4-(methylthio)phenyl]-2-morpholinopropan-l-^ 
(Irgacure 907, manufactured by Ciba Geigy) as a radiatii 
polymerization initiator. 



15 Comparative Example C 

A comparative composition was prepared in the 
same manner as in Example 1 using 5 parts of 
2-hydroxy-2-methyl-l-phenylpropanone (Darocure 1173, 
manufactured by Merck Co.) as a radiation polymer izatioi 

20 initiator. 



Test Example 

The compositions prepared in the Examples and 
Comparative Examples were evaluated as follows: 

25 

(1) Evalua tion of transparency 

The composition was charged into a space between two 
sheets of glasses with a thickness of 1 mm. The thicknes 
of the composition between the glasses was adjusted to 

30 1100 ^m using spacers. UV light was irradiated from the 
both side at a dose of 0.5 J/cm^ each side. The slide 
glasses were removed to obtain a sheet of cured 
composition to be used for the transparency evaluation 
test. Another sheet of cured composition with a thicknes: 

35 of 100 /im, to be used as a control, was prepared in the 
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same manner. The transmittance 400, 500, and 600 rnn of the 
sheet with a 1100 f/m was measured at using an 
absorptiometer . 

5 (2) Evaluation of resistance to coloration upon exposure 
to light 

1. Preparation of test specimens 

A cured test specimen with a thickness of 100 ijm 
was prepared by applying the composition to a glass sheet 
10 using a 250 pm applicator, followed by irradiation of UV 
light at a dose of 1.0 J/cm^. The test specimen was 
subjected to a UV light exposure test for 7 days using a 
photoresistant tester (QUV, manufactured by Q-Panel Co.)* 

2. Measurement of color difference 

15 The color difference was measured using a color 

differ entiometer (E80«, manufactured by Nippon Denshoku 
Co., Ltd.) using a C-light source and reflection from an 
angle of 45®. The color difference (AE) before and after 
exposure to UV light was determined. 

20 

(3) Evaluation of dimensional stability 

The composition was applied to a PET film with a 
thickness of 120 pm using a 130 /jm applicator, followed by 
irradiation of UV light at a dose of 0.5 J/cm^. The PET 

25 film was cut into 7 cm squares and allowed to cool for 30 
minutes, followed by storing for 2 hours at 60«*C. The test 
specimens were allowed to cool for 30 minutes and the 
war page at the four corners was measured by a caliper and 
the average of the four corners was determined. 

30 The results of evaluations on the transparency, 

the resistance to coloration upon exposure to light, and 
the dimensional stability are shown in Table 1. 
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TABLE 1 





Example 


Comparative 








Example 






1 


2 


A 




C 


Transparency 












Transmittance (%) 












400 nm 


85 


85 


0 


79 


85 


500 nm 


99 


98 


90 


92 


99 


600 nm 


100 


99 


98 


92 


100 


Color Difference (AE) 


5 


5 


11 


15 


4 


Dimensional stability 












Warping (mm) 


15 


17 


16 


19 


23 



The radiation curable resin composition of the 

15 present invention preferably exhibits (after being cured) 
a color difference (AE) after exposure to UV light for 7 
days (if tested as described above) of less than 9; the 
dimensional stability measured as warping is preferably 
less than 20 mm. The color difference (AE) is preferably 

20 less than 7; the warping preferably is less than 18 mm. 

The radiation curable resin composition of the 
present invention preferably exhibits (after being cured) 
a transparency of more than about 82% transmittance at 
400, 500 and 600 mm, if tested as described above. 

25 The radiation curable resin composition of the 

present invention exhibits a high curing rate and produces 
molded products with a high transparency, excellent 
resistance to coloration upon exposure to light, and 
superior dimensional precision. This radiation curable 

30 resin composition is very useful as a material for optical 
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parts which are molded while the resins are being 
polymerized in dies, such as lenses, optical disks, 
prisms, and lens sheets. 
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WHAT IS CLAIMED IS: 



1. A radiation curable composition for molding by 
5 polymerization in dies comprising, 

(A) at least one compound having at least one 
(meth)acrylate group and 

(B) at least one photopolymer izat ion initiator being 
an oligomer having a molecular weight of about 
300 to about 9000 and comprising on average more 
than 1.5 (a-ketone, (5-hydroxyldialkylethylbenzyl 
groups. 

2. Composition according to claim 1, wherein the 
photoinitiator has a group represented by the 

15 following formula (1), 

CH3 

I 

-(-C-CH2-)„- 
20 I 
Ar 
I 

C=0 (1) 

25 R^-C-r2 
I 

OH 

wherein and are alkyl groups having 1 to 5 
carbon atoms and n is a recurring number of the group 
(1). 

3. Composition according to any one of claims 1^2, 
wherein n is 2 to 50. 

4. Composition according to any one of claims 1-3, 

35 wherein the photopolymer izat ion initiator is present 

in an amount of about 0.1 to about 10 wt.% relative 
to the total composition. 



30 
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5. Composition according to any one of claims 1-4 r 
wherein the composition comprises at least one 
photopolymer isation initiator other than component B. 

6. Composition according to any one of claims 1-5, 

5 wherein component (A) comprises a polymer , a monomer 

or a mixture thereof. 
?• Composition according to any one of claims 1-6, 

wherein the composition comprises an oligomer having 
at least one (meth)acrylate group with a number 
10 average molecular weight of 300-20,000. 

8* Composition according to any one of claims 1-7, 

wherein the composition comprises a monomer having at 
least one {meth)acrylate group and having one or more 
aromatic rings. 
15 9. Composition according to any one of claims 1-8, 

wherein the composition comprises as the component 
(A) 10-80 wt.% of a polymer with a number average 
molecular weight of 500 or more and 
20-90 wt.% of one or more reactive diluents. 
20 10. Composition according to claim 9, wherein the 
composition comprises as the component (A) 
Al 20-60 wt.% of a polymer with a niimber average 

molecular weight of 500 or more, 
A2 5-40 wt.% of a (meth)acryl functional reactive 
25 diluent not comprising an aromatic group, 

A3 10-50 wt.% of at least one monomer having least 
one aromatic ring in the molecule. 
11. Composition according to claim 10, wherein component 
A2 is (meth)acryloylmorpholine. 
30 12. Composition according to any one of claims 1-11, 
wherein the composition further comprises as a 
component (C) at least one vinyl group containing 
compound in an amount of 1 to 50 wt.%. 
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10 



13. Composition according to any one of claims 1-12, 
wherein the composition has a viscosity of 100-20,000 
cps at 25^C. 

14. Molded product obtained by polymerization of a 
composition according to any one of claims 1-13, in a 
die. 

15. Product according to any claim 14, wherein the 
product is a lens, optical disk, prism or lens sheet. 

16. Product according to any one of claims 14-15, wherein 
the transparency of the product at 1100 thickness 
is more than about 82% transmittance at 400, 500 and 
600 mm, using a 100 //m thick sheet as a reference. 

17. Product according to any one of claims 14-16, wherein 
the product has a color difference (AE) after 

15 exposure to UV light for 7 days of less than about 9. 

18. Product according to any one of claims 14-17, wherein 
the product has a dimensional stability measured as 
warping of less than 20 mm. 

19. Molded product obtained by polymerization of a 

20 radiation curable composition comprising a compound 

having at least one {meth)acrylate functional group 
and at least one photopolymer izat ion initiator , in a 
die, wherein the transparancy of the product at 1100 
/im thickness is more than about 82% transmittance at 

25 400, 500 and 600 mm, using a 100 ^m thick sheet as a 

reference and a color difference (AE) after exposure 
to UV light for 7 days or less than about 9. 

20. Molded product according to claim 19, wherein the 
product has a dimensional stability measured as 

30 warping of less than 20 mm. 

21. Molded product according to any one of claims 19-20, 
wherein the product is a lens, optical disk, prism or 
lens sheet. 
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